• 


In^^ntors: Jwo-Min Wang 

Shih-Wei Hsiao 


SPECIFICATION 


METHOD FOR ACHIEVING UNIFORM EXPANSION OF 


1 . Field of the Invention 

The present invention generally relates to a method for achieving 
uniform expansion of a dielectric plate and a dielectric plate made thereby. 

2. The Prior Art 

A central processing unit (CPU) of a computer is mounted to a main 
computer board by means of a connector. Conventionally, the CPU 
connector has contacts extending beyond top and bottom faces thereof for 
electrical engagement with pins of the CPU and conductive traces of the main 
board. The contacts are soldered to the main board by a through hole 
technique. Such a connector structure occupies a substantial amount of space 
on the main board and requires a sophisticated process to mount the connector 
thereon. 

A ball grid array (BGA) connector effectively overcomes the problems 
discussed above. As shown in Figure 3 of the attached drawings, a BGA 
connector 4 comprises a dielectric base plate 40 defining a number of bores 
(not labeled) therein between top and bottom faces thereof for receiving and 
retaining conductive contacts 41. Each contact 41 has a solder support 
section 42 extending beyond the bottom face of the base plate 40. A solder 
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ball 3 is attached to the solder support section 42 by preheating the solder 
support section 42. 

The contacts 41 are aligned with contact pads 50 formed on a circuit 

board 5 whereby when the base plate 40 is properly positioned on the circuit 

5 board 5, the solder balls 3 contact the corresponding contact pads 50. By 

become ivto Ifert 

means of heating, the solder balls 3 ^ro molte n and then solidify to be fixed to 
the contact pads 50 of the circuit board 5. An efficient and effective method 
for soldering the connector 4 to the circuit board 5 is thus achieved. 

However, since the base plate 40 of the connector 4 and the circuit board 
10 5 are generally made of different material having different thermal expansion 
)Q coefficients, heating the solder balls 3 to fix the contacts 41 to the contact pads 
H 50 will result in different amounts of expansion between the circuit board 5 
*p and the base plate 40 leading to an undesired strain on the solder balls 3. 

ry Furthermore, the base plate 40 is usually made by means of injection 

Q 1 5 molding. During the molding process, plasticized dielectric material flows 
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FU into a mold. Due to the complicated configuration of the base, a non- 
uniform distribution of the molecules of the dielectric material results leading 
to different amounts of thermal expansion in different directions of the base 
plate 40 when the base plate 40 is heated during a BGA soldering process. 
20 Such nonuniform thermal properties further complicate the above-mentioned 
problem. 

Thus, it is desired to provide a method for achieving uniform expansion 
of a dielectric plate. 
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SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a method for 
achieving uniform expansion of a dielectric plate. 

Another object of the present invention is to provide a method for 
5 achieving substantially uniform thermal expansion between a connector and a 
circuit board to which the connector is mounted. 

A further object of the present invention is to provide a base plate of a 
BGA connector which has substantially uniform thermal expansion properties. 

A still further object of the present invention is to provide an injection- 
10 molded base plate of a BGA connector having limited warpage after being 
cured. 


To achieve the above objects, a method is provided for achieving uniform 
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yj expansion of a dielectric plate made by injection molding. The method 


s comprises the steps of forming core pins having a rhombic cross section at 

LR15 predetermined positions inside a mold for injection-molding the plate, 
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jS injecting plasticized dielectric material into the mold wherein the core pins 
; n guide the plasticized material flow for properly orienting molecules of the 
dielectric material, and curing and forming the dielectric plate in which 
rhombic holes corresponding to the core pins are formed. The properly 
20 oriented molecules of the dielectric material and the rhombic holes reduce the 
difference between thermal expansion coefficients in longitudinal and lateral 
directions of the plate thereby achieving uniform expansion thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


The present invention will be apparent to those skilled in the art by 
reading the following description of a preferred embodiment thereof, with 
reference to the accompanying drawings, in which: 

Figure an exploded view of an electrical connector made by a 
method in accordance with the present invention, a base plate of the connector 
being mounted to a circuit board while a cover thereof is detached from the 
base plate; 

. / 

Figure^ is a top plan view of the base plate of the electrical connector 
made in accordance with the method of the present invention; and 


Figure 5 is an exploded view of a conventional connector mounted to a 
circuit boa/d. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings and in particular to Figure 1, an electrical 
connector 1 made by a method in accordance with the present invention 
comprises a base plate 11 mounted to a circuit board 5 and a cover 10 
movably mounted on the base plate 1 1 for retaining an electronic device, such 
as a CPU (not shown), thereon. The base plate 1 1 and the cover 10 are made 
of dielectric material such as a liquid crystalline polymer (LCP) by injection 
molding. 

A plurality of bores 12 arranged in rows is defined in the base plate 11 
for receiving and retaining conductive contacts 2 therein. A plurality of 
through holes 13 is defined in the cover 10 corresponding to the bores 12 of 
the base plate 11 for receiving conductive pins of the electronic device therein. 
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The pins extend through the holes 13 and partially extend into the 
corresponding bores 12 whereby when the cover 10 is moved with respect to 
the base plate 1 1, the pins are brought into engagement with the corresponding 
contacts 2 of the base 1 1 . 

Each contact 2 has a mating section 21 retained in the corresponding bore 
12 for engagement with the corresponding pin of the electronic device and a 
solder ball support section 20 exposed to a bottom of the base plate 1 1 for 
supporting a solder ball 3 thereon with the solder ball 3 projecting beyond the 
bottom of the base plate 1 1 . 

The circuit board 5 has a number of conductive pads 50 formed thereon 
corresponding to the contacts 2. The base plate 11 is properly positioned on 
the circuit board 5 and the solder balls 3 contact the corresponding conductive 
pads 50 of the circuit board 5. By heating the solder balls 3, the solder balls 
3 become molten and then solidify to fix the contacts 2 to the corresponding 
conductive pads 50 of the circuit board 5. 

Since the dielectric material is in general not uniformly distributed 
throughout the whole base plate 11 and the cover 10 during the injection 
molding process and since the base plate 11 and the cover 10 are rectangular, 
when heated, the base plate 11 and the cover 10 are subject to different 
thermal expansion coefficients in different directions, such as a longitudinal 
direction and a lateral direction of the rectangle. Experimental data of a 
sample of the base plate 1 1 indicates that the thermal expansion coefficient in 
the lateral direction (ll x j is 50><10" 6 mm/mm-°C and the thermal expansion 
coefficient in the longitudinal direction ^BL ) is 5><10" 6 mm/mm-°C. The 
difference between l 0 x( and 0L i s substantial. 
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To overcome such a problem, in a preferred embodiment, a plurality of 
rhombic holes 14 is formed in the base plate 11. The distribution, location, 
and size of the rhombic holes 14 are carefully selected whereby the difference 
between the thermal expansion coefficients in both the longitudinal direction 
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(•H^) and the lateral direction (11^ is substantially reduced. Core pins 
having rhombic cross sections are provided in a mold for injection molding 
the base plate 11 resulting in the formation of the rhombic holes 14. The 
rhombic holes 14 are oriented such that a major diagonal direction thereof is 
substantially parallel to a flowing direction of the dielectric material that 
forms the base plate 11 whereby the plasticized dielectric material, when 


flowing in the mold^ is guided by the core pins to fill the mold leading to 
regular arrangement of the molecules of the dielectric material in the base 
plate after being cured. A small circle 1 5 representing a gate of the mold is 
provided in the base plate 1 1 . 

The regular arrangement of the molecules of the dielectric material and 
the holes 14 formed after the mold is removed substantially reduce the thermal 
expansion coefficient in the .ateral direction fcAnd slightly increase the 


thermal expansion coefficient in the longitudinal direction (' II 


Experimental data shows that for the same sample discussed above with 
rhombic holes 14 formed therein having a pattern of hole distribution as 
shown in Figure 2, the thermal expansion coefficient in the lateral direction 
fn xt ) is 22x1 0" 6 mm/mm-°C and the thermal expansion coefficient in the 
longitudinal direction (H y ) is 13xl0" 6 mm/mm-°C. Hence, the difference 
therebetween is substantially reduced. 

Furthermore, it is noted that the thermal expansion coefficient for a 
typical circuit board is 17-20><10" 6 mm/mm-°C. The base plate 11 made by 
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the method of the present invention has thermal expansion coefficients in both 
longitudinal and lateral directions approximately equal to that of the circuit 
board. Therefore, a strain caused in the solder balls 3 due to different 
thermal expansions between the base plate 11 and the circuit board 5 is 
minimized. 

The rhombic holes 14 formed by the additional core pins provided in the 
mold during the injection molding operation provide the following advantages. 
The plasticized dielectric material that forms the base plate 11 may be 
completely and uniformly ^rifea* in the mold due to the presence of the core 
pins leading to uniform mechanical properties. Furthermore, warpage that 
often occurs in the injection-molded articles is reduced due to the uniform 
distribution of the dielectric material. 

It should be noted that the holes 14 may be blind holes or through holes. 
The exact shape of the holes 14 may vary dependent upon the configuration of 
the base plate to be molded. If desired, some of the holes 14 can be 
alternately arranged in rows as show in Figure 2. 

To summarize, the present invention provides a method for achieving 
uniform expansion of a dielectric plate comprising the following steps: 

(1) providing a mold for injection-molding the dielectric plate; 

(2) determining locations, sizes and shapes of core pins formed inside 
the mold; 

(3) injecting a plasticized dielectric material into the mold to form the 
dielectric plate wherein the core pins guide a flow of the plasticized 
dielectric material to uniformly fill the mold with molecules of the 
dielectric material properly oriented; and 
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(4) curing and forming the dielectric plate in which holes corresponding 
to the core pins are formed. 

Although the present invention has been described with reference to the 
best^^^thereof, it is apparent to those skilled in the art that a variety of 
modifications and changes may be made without departing from the scope of 
the present invention which is intended to be defined by the appended claims. 
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